Purpose To investigate the surgical results for consecutive exotropia with or without insertion abnormalities on the basis of the position of the lateral rectus muscle at surgery. Methods Patients with consecutive exotropia who had undergone medial rectus recession as a primary procedure or advancement of previously recessed medial rectus muscles from 2002 to 2012 were included in the study. The characteristics, postoperative courses, and final results were compared among 3 patient groups. The patients' characteristics including sex, refractive error, and age at the initial surgery were compared. The main outcome measures were the angles of deviation in the primary position and the average divergent drift per month after the exotropia surgery. Results Twenty-four eyes of 23 patients were investigated. The patients were divided into 3 groups according to insertion status: with normal muscle insertion (4 men, 4 women), slipped muscles (9 women), and stretched scars (2 men, 4 women). The preoperative angles of deviation at near differed significantly between the slipped muscle group and the normal muscle insertion group (P = 0.02). Only patients with normal insertions had significantly greater hyperopia in the nondominant eye (0.95 D) than in the dominant eye (0.53 D). The postoperative divergent shift per month was similar among the groups (0.3, 0.1, and 0.2 prism diopters per month in the slipped muscle, stretched scar, and normal muscle insertion groups, respectively; P = 0.70). Conclusions Hyperopic anisometropia is an important factor in the natural course of outward drift. The postoperative course of advancement of the medial rectus muscle was equally stable in all 3 patient groups.
Introduction
When esotropia is corrected surgically, overcorrection may occur in some patients [1] . The reasons for the divergent drift are considered to be aging, reduced accommodation, changes in the medial rectus muscle structure, and abnormal attachment of the operated muscle to the globe.
The complication of a slipped muscle as a cause of consecutive exotropia was first described by Parks and Broom in 1979 [2] . The term slipped muscle generally refers to a disinserted rectus muscle, which is retracted posteriorly within its muscle capsule after reattachment to the globe, with the empty muscle capsule remaining attached to the sclera. To avoid slipped muscles, the sutures should pass through the entire muscle as opposed to the muscle surface alone [3] .
Stretched scar syndrome was first described by Ludwig, who asserted that stretched scars are caused by scar remodeling, which leads to stretching and lengthening [4] . Patients who develop a stretched scar following strabismus surgery may have a presentation similar to that of patients who have a slipped muscle. Ludwig recommended the use of nonabsorbable sutures to avoid a stretched scar or slipped muscle. Notably, there are several clinical differences between slipped muscles and stretched scars. First, overcorrection with a slipped muscle typically occurs shortly after surgery. In contrast, overcorrection in stretched scar syndrome usually occurs several months later. Second, a serious limitation of eye movement is commonly associated with a slipped muscle, but is seen infrequently in association with a stretched scar [4] .
Negishi et al. evaluated the muscle insertion abnormality with MRI and concluded that medial rectus muscles previously operated upon could be differentiated from those not operated upon, but that stretched scars and normally attaching muscles could not be differentiated with MRI. They concluded that direct visualization upon reoperation is necessary [5] . A literature search for terms such as stretched scar, lost muscle, slipped muscle, consecutive exotropia, and overcorrection did not reveal a comparative study of long-term surgical results in cases of consecutive exotropia that distinguished among slipped muscles, stretched scars, and normally recessed muscles. We therefore designed this study to investigate the clinical characteristics and long-term surgical results of consecutive exotropia with or without insertion abnormalities.
Patients and methods

Patient selection
A retrospective chart review and written invitation to participate in the study were sent to patients who underwent surgery for consecutive exotropia from 2002 to 2011. The clinical histories of past surgeries were obtained from the medical records when available, from statements by the patients, and by careful observations with a slit-lamp microscope. We recorded the year of the first surgery, whether the patient had undergone more than 2 surgeries, and age at the time of each surgery. We carefully noted the insertion site of the medial rectus muscle at the time of the surgery and classified each case as a slipped muscle, stretched scar, normally attached muscle, or lost muscle. We excluded from the study patients who had a lost muscle, who received follow-up examinations for less than 1 year after the correcting surgery, or who underwent additional surgery within 1 year of the corrective surgery.
Sex, age at the first surgery, age at the time of the exotropia surgery, visual acuity at the time of the corrective surgery, subjective refractive error, preoperative angles of deviation in the primary position at near and distance, surgical procedure performed for consecutive exotropia, and angles of deviation at 1 month after the surgery and at the final examination were used for the study.
The procedures used conformed to the guidelines of the Declaration of Helsinki and were approved by the institutional review board of the Hamamatsu University School of Medicine.
Clinical evaluations
All examinations were performed independently by 1 of 3 orthoptists at the clinic. Visual acuity was measured with Landolt C visual acuity tests of decimal order. The values obtained were converted to logMAR values for the statistical analysis. Subjective refraction was measured as the least minus lens power or the most hyperopic lens power with which the patients obtained their best-corrected visual acuities. Stereopsis was measured with Titmus stereotests (Stereo Optical, Chicago, IL, USA) with near-correction glasses if needed.
All of the above examinations were performed preoperatively, 1 month postoperatively, and at the last visit. As the follow-up period differed for each patient, we calculated the change in angle per month by subtracting the angle of deviation measured 1 month postoperatively from the final angle and dividing this value by the number of months for which the patient was followed up.
The angle of deviation was determined by means of the prism and alternate cover test. If the patient had limited adduction in 1 eye, the angle of deviation was determined while the patient fixated with the fellow or less-limited eye. In many cases, patients had undergone surgery on both eyes. In those cases, the smaller angle of deviation was used for the analysis. When the angle exceeded 50 prism diopters, 2 prisms were used to neutralize the deviation, and the sum of 2 prisms was converted to the value used for the analysis, as recommended by Thompson and Guyton [6] .
Operative techniques and intraoperative evaluation
All of the operations were performed under a microscopic view with a magnification of at least 15 9 0.3, with the patients under general anesthesia. In patients who had undergone bilateral esotropia surgery, we performed surgery on the eye with the abduction limit. In patients with bilateral abduction limitation, we performed surgery on both eyes. If there was no abduction limit, we chose the nonfixation eye. In patients who had undergone unilateral esotropia surgery, we performed surgery on the ipsilateral eye. The forced duction test was performed before the surgery was started, and the results were recorded. If the lateral rectus muscle was felt to be tight, lateral rectus muscle recession was planned. A fornix-based conjunctival incision was made in the nasal quadrant, and the nasal aspect of the sclera was exposed. A Jameson muscle hook was inserted into the area of the sub-tenon membrane and pulled forward to capture the medial rectus muscle. If the hook retracted a tendon or a tendon-like tissue attached to the sclera, it was carefully separated from the surrounding connective tissue, and the tissue still attached to the globe was carefully inspected. If the tissue included muscle fibers that were firmly attached to the sclera, the muscle was defined as a normally recessed muscle (Fig. 1a) .
Two interrupted 6-0 coated Vicryl (Ethicon, Somerville, NJ, USA) or 5-0 polyester (Alcon, Fort Worth, TX, USA) sutures were placed at the upper and lower edges of the medial rectus muscle about 2 mm from the edge. If the muscle was directly attached to the sclera at the previously recessed site, the muscle was detached from the sclera, advanced to the original insertion site, and securely sutured onto the sclera. If the muscle was found connected to the globe but attached to a tendon-like tissue that was clearly distinguished from the muscle when pulled forward between the muscle and the insertion site, the abnormality was classified as a stretched scar (Fig. 1b) . Two interrupted 6-0 coated Vicryl sutures were placed at the upper and lower edges of the true muscle. The tendon-like tissue was then detached from the sclera and removed, and the true muscle was advanced to the original insertion site and sutured onto the sclera. If a thin translucent membrane was found attached to the sclera at the original insertion site, usually between 4.5 and 5.5 mm from the limbus, the thin membrane was traced as far posteriorly as possible until the true muscle was found. This abnormality was classified as a slipped muscle (Fig. 1c) . The membrane was removed, and the muscle was advanced to the appropriate location. Specimens removed during surgery for both slipped muscle and stretched scars were submitted for pathologic confirmation that they did not include skeletal muscle fibers. After the medial rectus muscle was operated upon, the lateral rectus muscle was recessed, if necessary. The locations for attachment of the medial and lateral rectus muscles to the sclera were determined using normal ''spring-back'' tests. For selected patients, the adjustable suture technique was used on the lateral rectus muscle, with necessary adjustments performed the next day. We used the same definition of the insertion abnormalities as that used in the previously published literature [5] .
Baseline and outcome measures
Sex, refractive error, angle of deviation before the exotropia surgery, angle of deviation 1 month after the surgery, angle of deviation at the last visit, and patient age at the time of the initial surgery were compared among the groups. The average divergent drift per month after the exotropia surgery was calculated and compared among the groups.
Statistical analysis
Statview 5.0 for Windows software (SAS Institute, Cary, NC, USA) was used for the statistical analyses. The sex Fig. 1 Types of insertion abnormalities: a normally attached muscle; b stretched scar, with a white tendon-like tissue (arrows) between the sclera and muscle; c slipped muscle, with a translucent membrane (arrows) between the sclera and muscle Characteristics and surgical outcomes of consecutive exotropia of different etiologies 337 ratio in each group was analyzed using the chi-square test. An analysis of variance was used to compare the different anatomic groups, and the Bonferroni correction, as the post hoc test. Probability values less than 0.05 and 0.016 were considered significant for the chi-square test and analysis of variance, respectively. A paired t-test was used to compare visual acuity and refractive error between the eyes that had and had not undergone surgery, and to compare the angle of deviation measured 1 month postoperatively with that measured at the last follow-up visit.
Results
Forty-four eyes of 43 patients underwent surgery during the study period. Thirteen eyes of 12 patients (all women) had slipped muscles; 8 eyes of 8 patients (3 men, 5 women) had stretched scars; 20 eyes of 20 patients (7 men, 13 women) had normally attached muscles; and 3 eyes of 3 patients (1 man, 2 women) had lost muscles. Excluding patients with lost muscles as well as those receiving follow-up examinations for less than 1 year, 25 patients were identified. The mean follow-up periods were 41.4 months in the slipped muscle group, 34 months in the stretched scar group, and 45.5 months in the normally attached group. Two patients with slipped muscles were excluded because they underwent additional surgeries within 1 year of the exotropia surgery at our institution. Thus, a total of 24 eyes of 23 patients were included. The initial operations were performed from 1961 to 1974 in the slipped muscle group, from 1964 to 2004 in the stretched scar group, and from 1959 to 2010 in the normally attached group. The patients' characteristics are summarized in Table 1 . One patient in the slipped muscle group who underwent surgeries on both eyes was excluded from the visual acuity and refractive error analyses to compare refraction and visual acuity between eyes that had and had not undergone surgery. However, the angle of deviation was included in our analysis of strabismus angle after the measurements were divided by two. The surgeries performed are summarized in Table 2 . All patients with slipped muscles were female, but the difference was not significant in any of the 3 groups (P = 0.06).
The preoperative angles of deviation at near differed significantly between the slipped muscle group and the normally attached group (P = 0.02). The other angles of deviation were similar among the groups.
The postoperative divergent shifts per month were 0.3 per month in the slipped muscle group, 0.1 per month in the stretched scar group, and 0.2 per month in the normally attached group. No significant differences were found among the groups. Refraction was significantly hyperopic in the eye that had undergone surgery when compared with the fellow eye only in the normally attached muscle group (P = 0.04). Refractive error measurements in the eyes that had and had not undergone surgery were similar among the groups.
None of the patients showed measurable stereopsis before the surgery, but several of them achieved stereoacuity after the surgery: 3 patients with slipped muscles (60, 80, and 400 second of arc, respectively) and 1 patient with a stretched scar (4000 second of arc). None of the patients in the normally attached muscle group exhibited stereopsis after the surgery.
Discussion
Multiple studies have addressed consecutive exotropia after medial rectus muscle recession [7] [8] [9] or after reoperation for consecutive exotropia [10] [11] [12] [13] . However, none of them studied consecutive exotropia by stratifying patients on the basis of the insertion anatomy of the previously operated medial rectus muscle, and none of them followed patients for longer than 1 year. In this study, we divided consecutive exotropia into 3 types according to the insertion status: normally attached muscle, stretched scar, or slipped muscle. By stratifying the patients on the basis of the insertion status, we revealed several interesting features.
First, after the correction of consecutive exotropia by advancement of a previously recessed medial muscle with or without recession of the lateral rectus muscle, postoperative divergent drift did not differ among the groups, and the rate of drift was not large. Yoonae [14] and Ohtsuki [15] reported the successful recovery of consecutive exotropia by advancement of a single muscle. Ludwig [4] and Tinely [16] each reported successful postoperative results for a case of consecutive exotropia caused by a stretched scar, but the associated periods of observation were relatively short (11.4 and 4 months, respectively). A longer observation period may have revealed differences among the groups. Further investigation is needed.
Second, only in the normally attached muscle group did we find that eyes that had undergone surgery were more hyperopic than eyes that had not, although the difference was small. In addition, none of the patients with normally attached muscles showed stereopsis postoperatively. Refractive changes, accommodative changes, poor binocularity, and amblyopia are common risk factors for the delayed overcorrection of esotropia surgery. This finding may be associated with slipped muscles or stretched scars, but our results suggest that the refractive component and binocularity were reasons for delayed overcorrection only in the normally attached muscle group and not in the slipped muscle or stretched scar groups. Thus, functional and anatomic considerations may independently affect the likelihood of delayed overcorrection.
Third, the study participants with slipped muscles had undergone their initial surgeries during the 1960s and 1970s (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) , before the initial surgeries conducted on the stretched scar group ) and the normally attached muscle group ). We could not obtain surgical records for these initial surgeries in the 1960s and 1970s, but we speculate that the surgical magnification and surgical sutures used at that time may have led to the slippage. If patients are followed for a longer period of time, the incidence of observed overcorrection may increase. Ludwig estimated that up to 50 % of late overcorrections could be due to stretched scars [4] . In our study, 19 % of patients displayed stretched scars and 45 % The sex ratio in each group was analyzed using the chi-square test
Analysis of variance was used to compare the different anatomic groups, and the Bonferroni correction was used as the post hoc test A paired t-test was used to compare visual acuity and refractive error SD standard deviation, BCVA best-corrected visual acuity, PD prism diopter a Divergent shift is expressed as a positive number * Refraction of the eye that had undergone surgery was more hyperopic than that of the fellow eye in the normally attached muscle group (P = 0.04) ** Preoperative angle of deviation at near was significantly larger in the slipped muscle group than in the normally attached group (P = 0.02) exhibited normally attached muscles. Because our surgical procedure differs from those used in the 1960s and 1970s, the rates of slipped muscles and stretched scars may decrease yet more. The incidence of normally attached muscles may increase, but if that occurs, the delayed recurrence of consecutive exotropia may increase as well. Our study has several limitations. Because of its retrospective nature, we excluded a significant number of patients, resulting in a small sample size. The corrective surgery was not uniform across the patients: some underwent a single muscle surgery, and others, recession of the lateral rectus muscle [17] . The surgical approach may have influenced the patients' postoperative courses.
Nonetheless, this is the longest follow-up study of consecutive exotropia associated with a previous medial rectus operation among patients with various anatomic characteristics. A longer prospective, multicentered observation study is required to further elucidate consecutive exotropia and its treatment.
